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7KH LQIOXHQFH RI WUDQVLWLRQ IURP YHJHWDWLRQ WR JUDYHO EHG DQG YLFH YHUVD >@ DQG WKH HIIHFWV RQ WKH YHORFLW\
GLVWULEXWLRQRIWXUEXOHQWIORZLQDKDOIVHSDUDWHGLPSHUPHDEOHDQGSHUPHDEOHEHG>@LQRSHQFKDQQHOLVLQYHVWLJDWHG




JUDYHO EHG DQG WKLV LQFUHDVH WKH WXUEXOHQFH ,Q WKH VHFRQG FDVH UHVXOWV VKRZ WKDW WKH SUHVHQFH RI KDOIVHSDUDWHG
LPSHUPHDEOHDQGSHUPHDEOHEHG LQIOXHQFHV WKHYDOXHVRIYHORFLW\GLVWULEXWLRQ LQFRPSDULVRQZLWK VLWXDWLRQVRYHU
SHUPHDEOHRULPSHUPHDEOHEHG7KHFRPSDULVRQZLWKWKHVDPHH[SHULPHQWVZKHQLWKDVWUDQVLWLRQIURPSHUPHDEOHWR
LPSHUPHDEOHEHGDQGYLFHYHUVDVKRZVWKDWWKHUHDUHDORWRIGLIIHUHQFHVRQYHORFLW\GLVWULEXWLRQ












D JUDVVOLNH YHJHWDWLRQ ZDV XVHG 9HUWLFDO GLVWULEXWLRQV RI YHORFLWLHV DERYH WKH LPSHUPHDEOH EHG DQG DERYH WKH
YHJHWDWLRQIRUWKHSRURXVEHGIRUWKHVDPHGLIIHUHQWWRWDOKHLJKWVZHUHHYDOXDWHG5HVXOWVVKRZWKDWWKHUHLVDJRRG
DJUHHPHQWEHWZHHQH[SHULPHQWDODQGQXPHULFDOVWXG\
















7KH PHDVXUHPHQWV ZHUH FRQGXFWHG DW D  P GLVWDQFH IURP WKH FKDQQHO¶V HQWUDQFH DQG DERYH WKH WRS RI WKH
YHJHWDWLRQZKHUHWKHIORZLVFRQVLGHUHGIXOO\GHYHORSHG7KHIXOOGHYHORSPHQWRIWKHIORZZDVFRQILUPHGFRPSDULQJ






























3.1 Mathematical Model 
,Q GHYHORSLQJ DPDWKHPDWLFDOPRGHO IRU WXUEXOHQW IORZ RQH VHHNV WRPRGLI\ WKH IXOO XQVWHDG\1DYLHU6WRNHV
HTXDWLRQV E\ LQWURGXFLQJ DYHUDJHG DQG IOXFWXDWLQJ TXDQWLWLHV WR SURGXFH WKH 5H\QROGV$YHUDJHG 1DYLHU6WRNHV
5$16 HTXDWLRQV 7KHVH HTXDWLRQV UHSUHVHQW WKH PHDQ IORZ TXDQWLWLHV RQO\ ZKLOH PRGHOLQJ WXUEXOHQFH HIIHFWV
ZLWKRXW WKHQHHGIRU UHVROXWLRQRI WKH WXUEXOHQWIOXFWXDWLRQV7XUEXOHQFHPRGHOVEDVHGRQ5H\QROGVDYHUDJLQJDUH
NQRZQDV6WDWLVWLFDO7XUEXOHQFH0RGHOVGXHWRWKHVWDWLVWLFDODYHUDJLQJSURFHGXUHHPSOR\HGWRREWDLQWKHHTXDWLRQV
,QWKLVIUDPHZRUNHDFKYDULDEOHFDOFXODWHGDWDSRLQWRIWKHIORZILHOGLVGHFRPSRVHGLQDQDYHUDJHFRPSRQHQWDQG

























UU    
7KHPRPHQWXPHTXDWLRQLVPRGLILHGUHODWLYHWRWKHIRUPIRUODPLQDUIORZDVLWFRPSULVHVPRUHWHUPVNQRZQDV
5H\QROGVVWUHVVHVRUWXUEXOHQWVWUHVVHV






7KHVWUHVVHV LQ WKH WXUEXOHQWIORZDUHFRPSRVHGRI WZRSDUWVD6WUHVVHVGXH WRPROHFXODUYLVFRVLW\ZKLFKDUH
VLPLODUWRODPLQDUIORZVWUHVVHVDQGE7XUEXOHQWVWUHVVHVNQRZQDOVRDV5H\QROGVVWUHVVHVZKLFKDUHSUHVHQWHGE\
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WKHWHUP uu
&& U LQHTXDWLRQ
,Q WKLVZRUNZH XVH WKH NHSVLORQ WXUEXOHQFHPRGHO N LV WKH WXUEXOHQFH NLQHWLF HQHUJ\ 7KH NHSVLORQPRGHO
LQWURGXFHVWZRQHZYDULDEOHVLQWRWKHV\VWHPRIHTXDWLRQV7KHIRUPRIWKHFRQWLQXLW\HTXDWLRQLVXQDIIHFWHGLH
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&

ZKHUH] LVWKHEXONYLVFRVLW\ U LVWKHIOXLGGHQVLW\DQG N LVWKHWXUEXOHQFHNLQHWLFHQHUJ\
7KHNHSVLORQPRGHOLVEDVHGRQWKHHGG\YLVFRVLW\FRQFHSWLHLWLVDVVXPHGWKDW









































tk UPP  
&&&&&

,Q DOO VLPXODWLRQV LQ WKLV ZRUN WKH $16<6&); FRPSXWHU VLPXODWLRQ SURJUDP IRU LQFRPSUHVVLEOH IORZ
 const U ZDVXVHG
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